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been reported previously (2), these patients
were omitted from the present investigation.
METHODS AND MATERIALS
Selection of patients
Four patients with ichthyosis vulgaris, three
with lamellar ichthyosis, three with epidermolytic
hyperkeratosis, and 18 normal controls were se-
lected for study. Because the method involved the
in vivo use of radioactive isotopes, only patients at
least 40 years old and not planning to have more
children were investigated.
Autoradio graphic technic
Five c of tritiated thymidine (sp. act. = 1.9
C/mrnole) or tritiated glycine (sp. act. = 1.0
C/mmole) were injected intradermally into each
of several sites. Sequential biopsy specimens were
obtained after 1 hour and at intervals of 2—3 days.
The biopsy specimens were processed for auto-
radiographic analysis according to established pro-
cedure (2, 3, 4). Slides with 6 thick histologic
sections were dipped into Kodak NTB-3 liquid
emulsion and exposed in light-tight boxes for one
to four weeks. The slides were developed and
stained with hematoxylin and eosin.
Tritiated thymidine is incorporated into cells
which are in the DNA synthesis period at the
time of injection. After mitosis, each daughter cell
retains half of the original labelled DNA which
permits its identification as it subsequently ascends
through the stratum malpighii. Tritiated glycine is
incorporated into epidermal-cell proteins and be-
comes an autoradiographic marker as these cells
become a part of the horny layer (3).
Numerical data
The number of cells labelled with tritiated
thymidine in the specimens obtained one hour
after injection is a measure of the proliferative
activity of that tissue since these cells will all go
into mitosis. The number of labelled cells is ex-
pressed per unit basal line length and per unit
surface length for each specimen. These lengths
were determined with a map-measure on pro-
jected images of histologic sections, as described
previously (1). The average distance a p-particle
from tritiated thymidine will travel through his-
tologic sections to reach the photographic emulsion
above is less than 2 microns. A certain number of
visible nuclei which have incorporated tritiated
thymidine will not appear labelled since they may
be 2 or more from the surface and their emis-
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Clinically evident thickening of the stratum
corneum is characteristic of all the ichthyosi-
form dermatoses. Although these disorders are
grouped together because they have this impor-
tant feature in common, the patho-physiologi-
cal basis for the presence of excess scale on the
body surface may be quite different in each
disorder. On the basis of anatomical and cellu-
lar kinetic observations, Frost and Van Scott
have separated the major ichthyosiform der-
matoses into four groups: ichthyosis vulgaris;
lamellar ichthyosis; epidermolytic hyperkera-
tosis; and psoriasiform erythroderma (1).
Other names by which these conditions have
been known are listed in Table I. Their salient
clinical features are summarized in Table II.
Our previous studies have shown that mi-
totic activity was greatly increased above nor-
mal control levels in all of the above categories
except ichthyosis vulgaris (1). Hyperprolifera-
tion of epidermal cells was, therefore, sug-
gested as a major factor leading to the ap-
pearance of excess scale in lamellar ichthyosis,
epidermolytic hyperkeratosis, and psoriasifom:i
erythroderma. The present study presents
additional data obtained with autoradiographic
technics on the epidermal cellular kinetics of
these disorders.
Although some patients with psoriasiform
erythroderma have erroneously been described
under the title of congenital ichthyosiform
erythroderma, they are actually instances of
extensive psoriasis beginning in childhood (1).
Since similar kinetic studies of psoriasis have
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TABLE I
1. Ichthyos'is vulgaris—ichthyosis simplex
2. Lamellar ichthyosis—iehthyosis vulgaris; dry
form of congenital ichthyosiform erythro
derma
3. Epidermolytic hyperkeratosis—bullous form of
congenital ichthyosiform erythroderma; ich-
thyosis hystrix; bullous ichthyosis
4. Psoriasiform erythroderma—congenital ichthy-
osiform erythroderma
sions will not reach the emulsion. Therefore, the
number of labelled cells counted was multiplied by
a calculated correction factor of 1.4 to obtain the
number of cells actually containing tritiated
thymidine (5).
The transit time is defined as the minimal time
necessary for a labelled basal cell to reach the
top of the stratum granulosum, or the top of
stratum malpighii, if there is no granular layer,
as in the case of ichthyosis vulgaris (Figures 1,
2).
RESULTS
The data obtained on labelled cells per unit
length of surface and basal lines are presented
in Table III. The transit time was 10—14 days in
ichthyosis vulgaris (Figures 1, 2), 4—5 days in
lamellar ichthyosis (Figures 3, 4) and 4 days in
epidermolytic hyperkeratosis (Figures 5, 6). The
transit time through normal epidermis was pre-
viously reported as 12—14 days (2).
A kinetic study of the stratum corneum with
the use of tritiated glycine poses certain prob-
lems. First, although one can follow a front of
labelled cells as it ascends to the skin surface,
the thickness of the stratum corneum is so vari-
able due to differences among individuals and
histological processing, that a transit time
through this horny layer is of limited signifi-
cance. However, the enormously thickened
stratum corneum in epidermolytic hyperkerato-
sis permitted certain novel observations. Auto-
radiographs of one-hour specimens revealed
heavy label throughout the epidermis, as an-
ticipated (Figure 7). The three-day specimen
showed a sharply demarcated front of grains in
the stratum corneum and a relative decrease in
grain density over the viable epidermis, which
represents the movement of most of the epider-
mal cells into the stratum corneum during the
preceding three days (Figure 8). In a specimen
taken seven days after glycine injection, the
band of radioactivity had moved to the mid-
stratum corneum with a relatively clear horny
layer and epidermis below (Figure 9). This
clear horny layer beneath the radioactive band
represents the upward migration of an addi-
tional population of epidermal cells generated
after the time of initial labelling.
DISCUSSION
One purpose of this investigation was to ob-
tain more information regarding the patho-
physiology of excess scale formation in the
ichthyosiform dermatoses. The present studies
lend further support to the concept that hyper-
proliferation is a contributing factor in the
production of the thickened horny layer in
lamellar ichthyosis and epidermolytic hyper-
keratosis, but not in ichthyosis vulgaris. The
average number of labelled cells per cm surface
line was approximately three times the control
levels in lamellar ichthyosis, and approximately
four times the control counts in epidermolytic
hyperkeratosis, while the iehthyosis vulgaris
counts fell within the control range.
As a reference unit, the number of labelled
TABLE II
Clinical Summary
Disorder Gross features Histologic features Inheritance
Ichthyosis vulgaris Fine scales; spares fiexural
creases
Hyperkeratosis; absent gran-
ular layer
Autosomal dom-
inant
Lamellar ichthyosis Large, coarse scales Hyperkeratosis; prominent
granular layer
Autosomal re-
cessive (?)
Epidermolytic hyper- Verrucous hyperkeratosis; Hyperkeratosis; reticular Autosomal dom-
keratosis flexural creases involved;
bullae
spaces in epidermis inant
Psoriasiform erythro- tiniversal erythema and Parakeratosis; acanthosis, Autosomal dom-
derma scaling clubbing of rete ridges inant
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FIG. 1. Ichthyosis vulgaris. Specimen of skin taken 1 hour after injection of tritiated thy-
midine. Note absent granular layer: x 480.
Fro. 2. Ichthyosis vulgaris. Specimen of skin taken 10 days after injection of tritiated thy-
midine. Labelled nuclei (arrows) present at top of stratum malpighii. >< 450.
cells per cm surface line is most useful since it
indicates the number of cells which will even-
tually reach a specified surface area in a given
time. The same count expressed per unit basal ____________ __________ ___________________
line is of limited significance, since with increas-
ing papillomatosis this value may remain con-
stant, although many more cells will reach a
given surface area per unit time. Other authors
have made use of a labelling index, i.e. the num-
ber of labelled cells per 100 or 1000 germinative
cells for the purpose of computing the cell cycle
time (6—9). The present study, however, meas-
ures the turnover of an entire population of
cells, i e., the epidermis. In the controls and in
ichthyosis vulgaris labelled cells were seen only
in the basal layer. Labelled cells were noted
in the lowest 2—3 rows in lamcllar icbtbyosis
TABLE III
Summary of kinetics
Cell transit
Labelled cells Labelled cells time
Cond,tinn per cm basal
line
per cm surface
line
tbrough
epidermis(days)
Normal 68.9 17 86.2 21 12—14
controls
Ichthyosis 49.3 3.5 69.6 7.2 10—14
vulgaris
Lamellar 134 15 231 36 4—5
ichthyosis
Epidermo- 251 104 294 85 4
lytic hyper-
keratosis
and in cpidermolytic hyperkeratosis. The exact * S = one standard deviation from the mean.
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Fm. 3. Lamellar ichthyosis. Specimen of skin taken 1 hour after injection of tritiated thy-
midinc. Labelled nuclei present in lower cell layers of epidermis. Note presence of granular
layer. X 480.
Fm. 4. Lamellar ichthyosis. Specimen of skin taken 4 days after injection of tritiated thy-
midine. Labelled nuclei (arrow) are present at top of stratum granulosum. X 370.
size of the germinative populations in these
conditions is, therefore, difficult to ascertain
precisely.
It has been suggested that the absence of a
granular layer in psoriasis is related to the
hasty transit of the epidermal cell through the
epidermis. The transit time through the mal-
pighian zone in psoriasis has been reported to
be 2 days (2). It is of interest that in both
lamellar ichthyosis and epidcrmolytic hyper-
keratosis, the transit time through this zone
is only 4—5 days, and yet a prominent stratum
granulosum is present. Perhaps there is a thresh-
old transit time between 2 and 4 days below
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which there is a failure of granular layer forma-
tion for lack of time. On the other hand, in
iehthyosis vulgaris, epidermal-eell transit is
within normal limits and yet the granular layer
is absent. It is obvious then that the appearance
of a granular layer is a complex phenomenon
which cannot be directly related to cell transit
time.
The numerical data in this study are based
on small numbers of patients and confirmation
of the average figures and their ranges will have
to await studies on additional patients. These
are uncommon disorders and the limitations
in patient selection necessitated by the use of
isotopes in these studies decreased the number
of eases available for study. However, the ab-
solute and relative data show definite trends
and support our previous stndy (1).
In the studies utilizing tritiated glyeine the
observation of the definite movement of a radio-
active band strongly suggests that the whole
population of epidermal cells migrates upwards
as a continuous unit. The small amount of
label that trails this band is the result of cell
divisions with consequent dilution of the radio-
activity in the daughter cells.
SUMMARy
1. Autoradiographie studies revealed greatly
elevated numbers of labelled cells per unit
surface line and basal line in lamellar iehthyosis
and epidermolytie byperkeratosis. Excessive
proliferation is thought to be a significant fac-
tor in the accumulation of excess scale in these
disorders.
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FIG. 5. Epidermolytie hyperkeratosis. Specimen of skin taken one hour following the in-jection of tritiated thymidine. Numerous labelled cells (arrow) are seen in the lower layers
of the epidermis. >< 220.
.
Fzo. 6. Epidermolytic hyperkeratosis. Specimen of skin taken four days after tritiated
thymidine injection. A labelled cell (arrow) has reached the injection of the stratum
inalpigbii and stratum eorneum. Note the characteristic vacuolated appearance of the cells
in the upper part of the stratum malpighii. X 450.
j
566 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIGs. 7—9
A1
 S 
'a
 
ICHTHYOSIFORM DEEMATOSES 567
2. Epithelial-cell transit through the epider-
mis was accelerated in lamellar ichthyosis and
epidermolytic hyperkeratosis, but was within
normal limits in ichthyosis vulgaris.
3. No evidence for increased proliferative ac-
tivity was foimd in ichthyosis vulgaris. Scale
accumulation in this condition results from some
other cause.
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Fic. 7. Epidermolytic hyperkeratosis. One hour following the intradermal injection of
tritiated glycine. The entire "viable" part of the epidermis except for the vacuolated spaces
is labelled diffusely with grains representing glycine incorporation into epidermal proteins.
Although tritiated glycine might also be incorporated into epidermal nucleic acids, the
amount of such labelling must be considered minor, since dense labelling persists in the stra-
tum corneum of later specimens and nucleic acids are no longer present as such in this part
of the epidermis. The specimens in Figures 7, 8 & 9 had identical exposure times. X 300.
Fic. 8. Epidermolytic hyperkeratosis. Three days after the injection of tritiated glycine.
A band of radioactivity has moved into the lower part of the stratum corneum with a rela-
tive decrease in grains over the stratum malpighii. X 300.
Fro. 9. Epidermolytic hyperkeratosis. Seven days after the injection of tritiated glycine.
The band of radioactivity has become well delineated as it moves outward indicating an
en maaie turnover of the initially labelled cells. X 300.
